Background: Objectives of this study were to investigate changes of soil carbon contents and to evaluate N mineralization and nitrification rates in soils cooperated with organic composts and biochar during the 2 nd year corn cultivation. Methods and Results: For the experiment, the soil texture used in this study was clay loam. Application rates of chemical fertilizer were 480-150-260 kg/ha (N-P 2 O 5 -K 2 O) as recommended amount after soil test. Biochar application was 0.2% to soil weight. The soil samples were periodically taken at every 15-day interval during corn cultivation periods. The treatments were consisted of cow compost (CC), pig compost (PC), swine digestate from aerobic digestion system (AD), and their biochar cooperation. TC contents in treatments cooperated with biochar at harvesting stages were ranged from 0.96% to 1.24%, and its CC applied plot was highest at 1.24%. It was observed that TC contents with biochar treatments were higher than the compost treatment only. Therefore, it was observed to be carbon sequestration into corn field cooperated with biochar. For nitrogen transformation in soil cooperated with organic composts and biochar, net mineralization rates were dramatically decreased at 44 days after sowing, but nitrification rates were abruptly increased at 73 days after sowing. For N mineralization and nitrification rates, it was shown that they were generally low in the soil cooperated with biochar as compared to the only application plots of different organic composts. Also, it was observed to be highest in the application plot of pig compost manure. Conclusion: Overall, application of biochar in the cropland could be an important role for mitigation of greenhouse gas as well as carbon sequestration.
Introduction
Biochar is a charcoal-like material produced by thermo-chemical pyrolysis of biomass materials. It is being considered as a potentially significant means of storing carbon for long periods to mitigate greenhouse gases [1] . Much of the interest in biochar comes from studies of Amazonian soils that appear to have been amended with biochar, with significant improvements in soil quality and positive effects on crop production [2] . Biochar represents a stable form of carbon and thus provides an intriguing potential carbon storage strategy as soil amendment [3] .
Biochar may improve soil physical properties as increase of soil pH and cation exchange capacity (CEC), and enhancement of nutrient retention. This has provided the incentive to study the effects of biochar applications on soil N cycling [4] - [7] . Number of studies has reported that adding biochar to soils may increase net nitrification rate [8] and alter N availability for crops [9] . Biochar addition has altered N transformation following the application of N containing substances such as bovine urine, swine manure, green waste compost and bio-solid [10] - [12] . The interaction between biochar and soil N cycle is acknowledged, and there are several comprehensive reviews recently published on this topic [13] 
NO
− via nitrification, which is vulnerable to leaching, or loss as N 2 O or N 2 because of denitrification, resulting in 45% -60% N loss [15] . If nitrification is reduced or inhibited in agricultural soils, plants may take more available 4 
NH
+ from soils, thereby improving N use efficiency and mitigating the environmental impacts caused by N loss [15] . The most common practice currently being considered for inhibiting nitrification is the addition of nitrification inhibitors into soils [15] . Biochar may be an ideal choice to achieve the desired goals due to its multiple benefits in soils. Fertilizers in combination with biochar have been proposed for improving temporal synchrony between crop N demand and soil N availability, enhancing N use efficiency and reducing environmental impacts. However, the mechanism by which biochar influences such processes is not well understood. The reduction in N 2 O emissions after biochar soil amendment was first reported in a greenhouse experiment by Rondon et al. [16] . They found that N 2 O emissions were decreased by up to 50% for soybean and by up to 80% for grass growing in a low fertility oxisol from the Colombian savanna. Since then, the interest in biochar as a N 2 O mitigation strategy for agricultural soils has been continuously increasing, and the number of studies evaluating N 2 O emissions from biochar treated soils has risen exponentially.
Therefore, these experiments were conducted to investigate the changes of carbon contents and to evaluate N mineralization and nitrification rates in soil cooperated with different composts and biochar during the 2 nd year corn cultivation periods.
Materials and Methods
The corn variety used in this experiment was Miback 2 Ho, and planting distance was 30 × 60 cm. Soil texture was clay loam. The treatments were consisted of cow compost (CC), pig compost (PC), swine digestate from aerobic digestion system (AD), and their biochar cooperation as same as 1 st year corn cultivation. Fertilizers were applied with 480-150-260 kg/ha (N-P 2 O 5 -K 2 O) as whole basal application for P 2 O 5 and K 2 O, and it was especially applied half for basal at 3 day before sowing and half for additional application for nitrogen at 44 days after sowing, based on chemical properties of soil before experiment. CC and PC were applied with 25,000 and 5500 kg/ha into soil, respectively. AD was applied with 100 ton/ha in soil that was 16% of water holding capacity. Application rate of biochar for 2 nd year corn cultivation was 0.2% of soil weight (1,300,000 kg/ha) in case of being 1.3 of bulk density and 10 cm of soil depth. Biochar from rice hull was purchased from local farming cooperative society. Physiochemical properties of soil and biochar used were presented in Table 1 and  Table 2 . Based on soil physiochemical properties, application rates of fertilizer were decided by its recommended application amount after soil test.
Soil samples were periodically collected for every 15 day interval after treatment during corn cultivation periods. The samples were dried and passed through 2 mm sieve, and then stored in the refrigerator (4˚C) until analyzing the soil chemical properties.
Analytical chemical properties of soil and biochar were analyzed total carbon (TC) and total organic carbon (TOC) by TOC analyzer (Elementar Vario EL II, Germany). Its combustion temperature was 950˚C and WO 3 was used as the catalyst. Thus TC contents were obtained. Soil extract solutions with 2 M KCl (1:5, soil:extractant ratio) were analyzed NH 4 -N and NO 3 -N contents by Auto Analyzer Technician II. Table 2 . Characteristics of biochar used in this study. 
where, n = number of days after i; i = zero days of soil sampling after sowing; x = concentration of NO 3 -N (mg/kg).
Results and Discussions
Soil carbon (C) is a major determinant of sustainability of agricultural system. Changes can occur in both total and active, or labile, C pool. Also soil carbon is major factor of carbon sequestration for mitigation techniques of greenhouse gases. For TC and TN contents of input materials, its biochar was higher at 1.6 fold than CC. Biochar could be mostly organic carbon as well as their CC and PC due to carbon fractions (Table 3) . However, biochar could be mostly non-degradable organic carbon on the contrary of its CC and PC because it resists microbial decomposition in the soil for a much longer time than regular biomass [17] . Also, biochar's carbon bonds don't break down, and remain in soil for centuries [18] . Lowest TC content was observed to be its PC. Changes of TC contents in the soil applied with different organic composts and biochar during corn cultivation periods were described in Figure 1 . For soil carbon sequestration, effects of biochar were TC contents for differences between the compost treatment only and the same compost treated plot cooperated with biochar after harvest. It was observed that TC contents were decreased with days after sowing, and their peaks were 15 days after sowing (Figure 1) . In the other hand, Shin et al. (2014) indicated that TC contents were increased with days after sowing through harvesting periods [19] . This difference might be attributed to plant growth's aspect whether it is good or bad due to utilizing ability of soil carbon (Figure 1) . TC contents in treatments cooperated with biochar at harvesting stages were ranged from 0.96% to 1.24%, and its CC applied plot was highest at 1.24%. It was observed that TC contents with biochar treatments were higher than the compost treatment only. Therefore, it was observed to be carbon sequestration in corn field cooperated with application of biochar.
Soil nitrogen mineralization rate was estimated by using Equation (1) . Mineralization rates in the organic compost treatment plots were higher than the cooperated biochar except 59 days and 93 days after sowing in the AD and PC cooperated with biochar, respectively, through corn cultivation periods (Figure 2) . It was shown that N net mineralization was decreased at 44 days after sowing and promptly increased up to 73 days after sowing regardless of organic compost treatments.
Soil nitrogen nitrification rate was calculated by using Equation (2) . For nitrification rates in the soil cooperated with biochar during corn cultivation, it was only highest in PC during corn cultivation periods (Figure 3) . For nitrogen transformation in soil cooperated with organic composts and their cooperated with biochar, net mineralization rates were dramatically decreased at 44 days after sowing, but nitrification rates were abruptly increased at 73 days after sowing (Figure 2 and Figure 3) . It was observed that mineralization and nitrification rates were highest in the application plot of PC. Overall, nitrogen mineralization and nitrification rates in the application plots of different organic composts were higher than their cooperated with biochar application plots. This result was coincided with Shin's previous research with application of different organic compost and their cooperated with biochar in corn field for carbon sequestration [20] . Biochar application might be inhibitor for mineralization and nitrification rates in the corn field.
While there is recognized lack of literature on the interactions among biochar, soil biota and N cycling [13] , evidence is emerging that biochar may limit the availability of N in soil, thus reducing substrate availability for production of N 2 O. However, our observations differ from those made by Deluca et al. [8] , who found that adding biochar to soils may increase net nitrification rate. There are losses of nitrogen from soil in ways other than leaching and crop removal. Gaseous occur primarily as nitrous oxide (N 2 O) and dinitrogen (N 2 ) during reductive (denitrification) and oxidative (nitrification) process. Therefore, N 2 O emission in the cropland applied with biochar could be reduced because N mineralization and nitrification rates were inhibited for biochar's absorption capacity of NH 4 -N in the soil [21] . Overall, Application of biochar in the cropland could be important role for mitigation of greenhouse gas as well as carbon sequestration.
Summary
For carbon storage in soil, TC contents with biochar treatments were higher than the compost treatment only. Therefore, it was observed to be carbon sequestration in corn field cooperated with application of biochar. For N mineralization and nitrification rates, it was shown that they were generally low in the soil cooperated with biochar as compared to the only application plots of different organic composts. Overall, application of biochar in the cropland could be an important role for mitigation of greenhouse gas as well as carbon sequestration.
